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CHARACTERISTICS AND EFFECTS OF ROUGHNESS

By Stanley F. Racilsz
SUMMARY

An investigetion has been mede in the Lannler two-dimensional
low-turbulence pressure tunnel to develop the ontimum configuration
of a 0.35-chord slotted flap on an NACA 65(1_12) -111 airfoil section

modified by removing the treiling-edge cus>. The section pitching-
moment characteristics and the effects of standard roughness on
the section characteristics were determined for the opbimm
configwration and for the condition wilth the f£lap retracted .at

- Reynolds numbers ranging from 3.0 X 1()6 to 9.0 X 06 The section

' pitching-moment coefficient wes epproximately 0.10 higher than’
that obtained for the NACA 65-210 airfoil with a 0.250-chord
slotted flap and approximately 0.05 lower than that obtained for
the NACA 65-210 airfoil sectilon with a 0.312-chord double slotted
flap. The 1ift characteristics were debermined at & Reynolds

mmber of 9.0 X 106 for the Tlap deflected throush a developed
flap path. At a flap deflection of 20° and at section angles

of attack higher than sbout -4°, two values of the section 1lift
coefficient at each angle of B.u'b&Ck were obteined because of
inconsistent stalling of the flap although the meximm section
1ift coefficient remained neerly the seame. The decrement in the
maximum sectlon 11t coefficient obtained by anplrying standard
roughness to the airfoil with the flap doflected 25° was
eprroximately the seme as that for the alrfoil w:!.th 'bhe flap
retracted.
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INTROTUCTION

The modern high porf&rmanpe wiyplene with 1ts increased wing
loading requires the use of thin wing sections equinved with high-
1ift flaps. Experimental investigations, such as those reported in
reference 1, have been mede to develop 0.250-chorl slotted flaps
sultable for use on thin alrfoil sectionas. fuch investigations,
however, have been made for only a small range of Reynolds numbers

(2.& b4 106 to 9.0 X 106), and a very limited amount of data for

Reynolds numbers greater than 9.0 X 106 are ovalleble for thin air-
folls equipped with slotted flaps. From data 7resented in reference
it is seen that lerge changes 1n the 1lift characteristics of a thin
. alrfoil with a slotted Tlep mey oé¢cur as ‘the Reynolds number is
increased. Some gquestlion slso exists as to whether or not a flap
configuration that is the optimum for high 1ift at low Reynolds
numbers is stlll the optimum configuration at much aigher Reynolds

Avmberg. . . _

An investigation has therefors been ‘conducted in the
Langley two-dimengional low-turbulence tunnels i1n order to
develop the optimium configuration of a 0.35-chord slotted Pflap
on a modified NACA 65(112)-111 alrfoll section ani to determine

whether or not the developed optimum flep configuw.ration is
dependent upon the Reynolds number. Measurements to determine
the sectlon pitching-moment characteristics, tlie effects of
leading-edge roughness on the 1lift characterisiics, and the
1ift characteristics for the flap deflected through a developed
flap path were also included in this investigsation.

The results of the first phase of this investigation,which
covered the development of the optimum flep configuration at

Reynolds number of 2.L ¢ 106, have been revortel in veference 2.
The second phase of the investigation cove:'ed the develomment of
the optimum flap configuration at high Reynolds mumbers and tests
of the alrfoll with the flap retracted and the conditlon wlth the
optimum flap configuration at Reynolds numbers un to 25.0 X 106.
The results of those tests have been reported in reference 3.
This paper presents the results of tests made to deteimine the
section pitching-moment characteiristics, the 1lift characteristics
for a developed flap path, and the effects orf leading~edge
roughness on the section lift characteristics. These afore=~
mentioned tests concluded the investigation.

~
‘e
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SYMBOLS

sectlon angle of attack, dégrees

eirfoll chord

" section drag coefficient

gsection 1ift coefflclent

‘section pitching-moment ccefflicient

_ Reynolds nmumber

horizontal and vertical posliions, reshectlively, of
center of the flap leading-edge radius with respect
to upver 1lip of slot in percent ¢, Dositive forward
of and below slot lip, respectively, (fig. 1)

flap deflection, degrees, angle between alrfoil chord

line in flap retracted position ané. airfoll chord
line in flap deflected nosition (fig. 1)

MODET, AND TESTS

The 2-foot chord model tested in this investligation was
a modified NACA 65(112) =111 alrfoil section with a 0.35¢ slotted

-flap. The alrfoill section had been modified by emoving the
trailing-edge cusp and wes therefore similor tc an NACA 65(m)ﬂll

airfoil section (reference 4). Ordinates for the nlain airfoil
sectlon and the slotted flap are glven in tables I and IT,
respectively. TFigure 1 ls & sketch of the airTfoil and flap

and also shows the refeience points definings the flap positlion.
A flap path was develoned by deflectling the flen through =a
circular path in such a mamner that at a flep deillectlon of

35° the center of the flap leading-edge radius was located
1.98-percent ¢ behind and 3.21-percent ¢ below the slot -1ip.
This flap deflection end position had been found Lo be the optimum
at high Reynolds mumbers (reference 3)}. The location of the
plvot point ebout which the flap was deflected is shovm in

figure 2.

The model was constructed of aluminum alloy and

canpletely spanned the 3-foot-wide tunnel test section.
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Tests were made in the Langley two-dimensional low-turbulence
pregsure tunnel to determine the scele effects on the section
pitching-moment characteristice of the alrTfoil section with the
flap retracted and slot sealed for Reynoldés numbei's ranging from

3.0 X 106 to 9.0 X 106. Lift measurements weie made at &

Reynolds number of 9.0 X lO6 to determine the mection-~lift
characteristics of the model for flap deflections up to 359,
The effects of standard roughness (reference 5) on.the 1lift
characteristica of the optimum flap conflpuration end on the
1ift characteristlca of the model with the flan retracted and
slot sealed were determined for & Reynolds number of 6.0 X 106
The effects of standard roughnesa on the section diag character-
istlcs of the model with the flap retracted and slot sealed were
algso deteimined for a Reynolds number of 6.0 3 100 The test
methods and the methods used in correcting the test data to
free-alr conditions ave discussed in reference 5. The magnitude
of the correctlons used in correcting the test data to free-alr
cond.itions was of the order of a few percent. The maximum
ree-stream Mach number attained during any of the tests did
not exceed 0.17.

RESULTS AND DISCUSSION

Pitching~-Moment Characteilgtics

The section pltching-moment characteristics of the aixrfolil
section with the flap retracted and slot sealed and the section
1ift characteristics obtained from reference 3 are mresented in
. flgure 3. The section pitching-moment coeiflcient at the design
1ift coefficlent is esgentielly the same as that foir the corre=
sponding airfoil section of similar ceamber end thickness as esti~
mated from figure 54 of reference 5. The data wresented in '
figure 2 indicate that increasing the Reynolds mimiber fiom : .

2.0 x 10° t0 9.0 x 106 caused only small changes in the section
pitching-moment coefficient at angles of attack below the stall.

The section pltching-mament characteistics for the alrfoll
section with the flap deflected ere presented in figure 4.
Included with the section piltching-moment data, nresented in
figure %, are the section 11Pt chaerecteristics obtained from
reference 3. For the flap deflected coniiguration the slope of
the piltching-moment cuirve becames positive ab a.ngles of attaeck
from ebout 2° to slightly sbove the sta.ll, but fwbher increases
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in the section angle of attack ceuse a reversal of the slops and
the slope of the pitching-moment curve becomes nsgatlve. The
velue of the section piltching-moment coefliclent 1s approximately
0.1 higher than that obtained for the NACA 65-210 airfoil section
with a 0.250c slotted flap (slotted flap 1, reference 1) and
approximately 0.05 lower than that obtalned Tor the NACA 65-210
alrfoil section with & 0.312c double slobted flap (reference 1).
The meximum section 1ift coefficlent was, however, epproximately
0.1 higher than that obtained for the NACA 65~210 airfoll with
the slotted flap and aprroximately 0.1l lower thon that obtained
foir the NACA 65-210 airfoil with the double slotbed Flap
(reference 1). . _

Lift Characterilstics for Intermediate Tlan Deflections

The section 1ift characteristics of the model with the flap
deflected up to 35° for a Rernolds mumber of 9.0 3: 106 are
presented in flgure 5. Measurements of ‘the 1ift characteristilcs
for flap deflectlons greater than 35° weie not made becauss, as
discussed in reference 2, increasing the flas deflection beyond
25° gave no increase in the maxirmm section 1liit coefficient atb

& Reynolds number of 9.0 X 106. At a flan derlection of 20° and
at section angles of attack higher than sbout -4°, two values of
the section 1ift coefficlent were obtalined at ecch angle of attack,
elthough the values of the maximum section 1ift coefficients were
nearly the same. Reruns of these tests showefl thait the condltion
glving the lower 1lift coefilciente was the moi'e gtable of the two.
Tuft studies at a flap deflection of 20° indicated that the
irreguler behavior of the 1lift coefficients was assoclated with
partial stelling of the flap caused by the relatively poor slot
shape for this flap deflection.

Effects of Lsading-Edge Roughness

The section 1lift end drag cheracteristics at a Reynolds

number of 6.0 X 108 for the airfoll sectlon with standerd
roughness are presented in figure 6. Included wilth the data
presented in figure 6 are the section characteristics for the
smooth condition which were obtained from reference 2. The
decrement in the maxipnm section 1ift coefficient caused by
leading-edge roughness for the flap-deflected condition is
approximately the same as that for the fla»-retacted condition.
The decrement in maximum section 11ft coefficient is approximately
the seme as that obtained for the NACA 65-210 aifoll section
with the 0.25c glotted flap designated as slotted flap 1 in
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reference 1. The minimm section drag coefiicients for the smooth
condition and the condition with leading-edge .oughness are the
geme as those estimated from conslderation of dato for similar '
airfoll sections presented in figures Sih6e, ulb|, and S1k8

of reference 5.

CONCLUSIONS

The results of tests of a modified NACA 65 470y ~111 airfoil
section with a 0.35-chord slotted flap indicate u}e following
conclusions:

1. The section pitching-moment coefficient vas approximately
0.10 higher than that obtained for the NACA 55-210 airfoil with
a U.250~choid slotted flap end aporoximetely 0.00 lower than
that obtained for the NACA 65-210 airfoil section with a
0.312-chord double slotted. flap.

2. At a flap deflection of 20° and at section angles of
attack higher than about -4°, two valuses of the section 1ift
coefficient at each angle of attack were obtained because of
inconsistent stalling of the flap although the maximum section .
118t coefficient remained nesrly the sams. .

_3. The decrement in the meximum section 1ift coefficient
obtained by applylng standard roughness to the.airfoll with
the flap deflscted 35° was epproximately the same as that
obtained for the alrfoil with the flap retracted.

Langley Memorial Aeronautical Laboratory
Netional Advisory Committee for Aercnautics
Lengley Fiseld, Va.

by P e “ 7

uanley F. Rasisz '
Aeronoutical Englneer

Approved.
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TABLE 1
ORDINATES FOR THE WODIFIED
WACA 65(112)-111 AIRPOIL SECTION

’ Et_l-ticns and ordinates glwven
in percent airfoll chord

surface Iower surface

Upper
Btatlon [Ordinate Btation |Urdlnate |

Q Q o ¢}
.hgé 871 538 -.821
o)

B | b | 28

Ly

1N AR {EL
§%: o % 259 ﬁ“ﬁ
) g | Bl ol
gﬁ:ggz 6.000 5200& -tigoﬂ
50.500 5.8(2,3 53.302 . 1?
fon| 28 | 28| I
25:85 %l%% 3 g'jfg 253
0.02 2.7 -1,

85-02 2&;2 -1,

gb.021 | 1

. gzg:;? -.967
88:5 | 8 55:;,3 2:523

L.E. radius: 0.842

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

TABLE IT

OFRDINATES FOR 0.35-CHORD FLAP

[Lowsr surface of f£lap formed by lower
surface of plain sirfoll.
Statlons and ordinates giyen In
percent alirfoll cho

Station Ordinate
65.50 -0.86%
62.00 -.2(65
6§7.00 .

.00 » 792
0.00 1.4h2
.00 1. oﬁ
.00 2,1
g.OO 2.262
.00 2.3k
0.00 2.53&.
§2.00 2.300
.00 <183
 86.00 2.000
Upper surface falrs into
plain airfoll section
&t statfon 83.00

L.E. radius; 1.holL

L.E. radius center at
station 66.50 and
ordinate ~1.971

NATIONAL ADVISORY
COMMITTEE FOA AERONAUTICS
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Airfoll chord line ——\
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N (a) Alrfoll with 0.35¢ slotted flap.
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Center of flap leading-edge redius NATIONAL ADVISORY
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(b) Variables used to deflne flap conflguration.
Pigure 1.~ Proflle of the modifiesd NACA 65(112)-111 airfoll sectlon witk 0.35c slotted flap.
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